Composting of the macrophytes Eichhornia crassipes (water hyacinth) and Egeria densa (Brazilian elodea) has been proposed as a final disposal, following their mechanical removal in the lake Fúquene (Ubaté, Cundinamarca). Microorganisms, isolated and selected by antagonism, were evaluated as inoculants to accelerate the composting and to stimulate plant growth. In microbial biopreparations of bacteria, actinomycetes and fungi, maximum amylolytic activities were found of 2,422 U L -1 , 1,744 U L -1 and 1,426 U L -1 , respectively; cellulolytic activities of 233.2 U L -1 , 668 U L -1 and 701.4 U L -1 and proteolytic activities of 660 U mg -1 , 520 U mg -1 and 400 U mg -1 . In test of these biopreparations in windrow composting of aquatic macrophytes waste, the best result was obtained with a concentration of 2%. The assay conducted on seedlings of radish (Raphanus sativus L) under greenhouse conditions (P <0.05), using the following treatments: microbial inoculants, compost inoculated to 2%, pure or mixed with soil (1:1), peat 50% and chicken manure at 33% mixed with soil, showed that actinomycetes stimulated plant growth significantly, as did chicken manure and bacteria. Microbial inoculants role for growth, development and nutrients assimilation in radish, was evident, and also for accelerating polluting macrophytes composting process.
INTRODUCTION

Lake
Fúquene (Cundinamarca, Colombia), has massive proliferation of aquatic plants especially water hyacinth (Eichhornia crassipes) and Brazilian Elodea (Egeria densa). This, coupled with other factors, has contributed to eutrophication, desiccation and progressive deterioration of the environmental conditions of the lake ecosystem (Andrade and Franco, 2007) . As a control and useful technique, the macrophytes is harvested by mechanical means and subjected to composting (Quintero and Otero, 2006 ; Consejo Nacional de Política Económica y Social, República de Colombia, 2006) . In 1999, the Japan International Cooperation Agency (JICA) and the Corporación Biofertilizers and composting accelerators of colombian lake macrophytes, Martínez-Nieto et al.
Autónoma Regional de Cundinamarca (CAR), obtained compost from Brazilian elodea, water hyacinth and rushes, at temperature not exceeding 37 °C; in 2004, elodea and water hyacinth wastes, were degraded more effectively by inoculating mixtures of microorganisms (Martínez-Nieto, 2004) . The use of bacteria, actinomycetes and fungi in the decomposition of organic matter produces good results by taking advantage of their enzymatic activities, favoring the elimination of organic waste and providing beneficial metabolic products to the soil (Tiquia et al., 2002; Singh and Sharma, 2003) . The enzymatic activities of these microorganisms play an important role in the degradation of complex substrates such as lignin and cellulose (Nakamura et al., 2001; Tiquia et al., 2002) , which facilitates degradation of aquatic macrophytes in the composting process.
In the research reported here, microbial inoculants were prepared from microorganisms isolated from composting processes of macrophytes, water hyacinth and Brazilian elodea, in order to evaluate their enzymatic activity, the role in accelerating the degradation process and action as a plant growth promoting.
MATERIALS AND METHODS
Microorganisms
The used bacterial strains belong to the species (Figures 1a, b y c) . These organisms were isolated in a process of composting mixture of water hyacinth, Brazilian elodea, bean pods and manure at rates that depended on each treatment (Martínez-Nieto, 2004 ) and chosen for the production of inoculants by antagonism techniques and qualitative enzymatic assays in starch agar, cellulose agar and skim-milk agar (Eslava and García, 2001; Rodríguez et al., 2002; Martínez-Nieto, 2004; Chen-Chin et al., 2009; Orji et al., 2009) . Soil Sci. Plant Nutr. 11 (2): 47 -61 (2011) 
Microbial inoculants production by Submerged Fermentation
The bacterial fermentation process was carried out in a 14 L bioreactor (designed by a Colombian company, Procesos Biotecnológicos) to produce 5000 mL of inoculant in liquid phase at 32 °C, 1 vvm of airflow rate and 120 rpm. Fermentation of fungi and actinomycetes was performed by duplicate, in bioreactors for 5 days at 28 °C and 150 rpm, with air supplied by an aquarium air pump. In each process, substrate consumption was determined by 3,5-dinitrosalicylic acid (DNS) method (Miller, 1959) , biomass formation by plate count and measurement of pH values.
Quantitative Enzymatic Activity
Batch fermentation were carried in 500 mL Erlenmeyer flasks, containing 360 mL of soluble starch (1% w/v) milk (1% v/v) or cellulose (1% w/v), with 40 mL of inoculum and 150 rpm agitation during 52 h for bacteria, and 96 h for fungi and actinomycetes. Samples were taken during fermentation and inoculated on skim-milk agar, starch agar or cellulose agar for dilution plate counts; concentrations of reducing sugars were determined using the DNS method and protein content by Bradford assay (Bradford, 1976) . One unit (U) of α-amylase activity was defined as the amount of enzyme required to release one micromole of reducing sugar, expressed as glucose per minute under the assay conditions (Orji et al., 2009) .
The protease activity was calculated on the proteolysis unit, equivalent to a halo of hydrolysis equal to 5 mm in diameter, and relating this value to the extracellular protein content, reporting to proteolysis specific activity as units per milligram of protein (Bradford, 1976) . One unit of Carboxymethyl cellulase activity was defined as the amount of enzyme releasing one micromole of reducing sugar, as glucose, from the substrate (carboxymethyl cellulose) per minute under standard assay conditions (Chen-Chin et al., 2009) .
Water hyacinth and Brazilian elodea Composting
The composting process was carried out in a farm located at the town of Nemocón (Cundinamarca, Colombia). Ten piles were mounted (5 treatments and their repetitions) of 82 kg each, made up of a mixing of elodea (21 kg), water hyacinth (42 kg), husk of rice (2 kg), pea and bean pods (9 kg), molasses (500 g), lime (500 g) and soil (7 kg). Previously, the Brazilian elodea and water hyacinth were cut to obtain a particle size close to 3 cm. Microbial inoculants were added to the first three treatments, T1, T2 and T3, and their repetition, until a final concentration of 1%, 2% and 0.5% respectively. In T4 treatments additions were of 750 mL of sterile liquid culture medium used in the preparation of the inoculants; and in the T5 controls no inoculation was made. During the composting the temperature and humidity were controlled every third day, while pH, bacteria, actinomycetes and fungi counts were weekly. At the end of the process, an evaluation was made of the Carbon/Nitrogen ratio (C/N), dry matter percentage, moisture content, reduction of organic matter, foreign matter, germination of radish seeds (Phytotoxicity test) and human pathogenic organisms content (Escherichia coli and Salmonella sp.) (Ge et al., 2006) .
In vivo assay to determine the plant growth-stimulating ability
The microbial inoculants and compost that showed the best result were tested as a vegetable growth-stimulant on radish The vegetable parameters evaluated were aerial dry weight, foliar area, bulb weight, bulb formation percentage and total nitrogen content in the substrates and plants. Radish seedlings were obtained from seeds and transplanted, when they reached an average height of 5 cm, in plastic bags with 300 g of the substrates according to the different treatments. Five ml of microbial inoculants were added for each experimental unit, with the highest concentration obtained for each functional group in the fermentation process, according to treatment (Table 1) . For controls, Canadian peat was used (supplier: Naturpaipa LTDA) mixed with soil in 1:1 ratio and soil with chicken manure 33% mixture (supplier: Homecenter Sodimac, Bogotá). The data were treated statistically by one-way analysis of variance (ANOVA) (p < 0.05) and Duncan's multiple-range test, to determine significant differences between the means. For the interpretation of the results, the percentages of bulb formation and nitrogen assimilation were transformed using the formula Y= , where, Y are the transformed values, and x are the percentages data obtained in the experiment, to reduce the coefficient of variation and detect significant differences (Orozco and Thienhaus, 1997).
RESULTS AND DISCUSSION
Microbial inoculants production by Submerged Fermentation
The highest bacterial growth rate was obtained at 24 h with 2 x 10 12 CFU mL -1 . Best biomass formation occurred at 80 h for actinomycetes with 3 x 10 16 CFU mL -1 , and for fungi with 8 x 10 8 CFU mL -1 . Obtained concentrations for bacteria and fungi were higher compared with those claimed in other studies (Eslava and García, 2001; Martínez-Nieto, 2004; Cariello et al., 2007) which implied bacterial counts to 10 9 CFU mL -1 and fungal counts of 10 5 CFU mL -1 . Actinomycetes biomass found was among the reported intervals (Eslava and García, 2001; Martínez-Nieto, 2004 ). Appropriate populations of bacteria, fungi and actinomycetes are important in the composting process, since a higher microbial activity favors organic matter degradation and allows decomposition of complex substrates like lignin and cellulose (Singh and Sharma, 2003) .
Quantitative Enzymatic Activity
Bacteria showed maximum activity of amylase production of 2,422 U L -1 , a 12 h, with 4 x 10 12 UFC mL -1 ; actinomycetes of 1,744 U L -1 at 72 h with 1x 10 7 UFC mL -1 and fungi of 1,426 U L -1 at 80 h with a count of 2 x 10 7 CFU mL -1 ; these values were high compared to reported values which are between 47 U L -1 and 1,038 U L -1 (Arnedo and Parrado, 2002; Sarmiento et al., 2003) . Higher protease production in the bacterial inoculants (660 UL -1 ), followed by actinomycetes production (520 U L -1 ) and fungi production (400 U L -1 ) was observed. This activity took place at 48 h, for the first; at 104 h for second and third, with 2 x 10 13 CFU mL -1 , 4x10 6 CFU mL -1 and 2 x 10 5 CFU mL -1 , respectively. In a study with thermophilic proteolytic bacteria, isolated in a composting process of flower residues, a proteolytic activity of 1,906 U mL -1 at 10 h of discontinuous fermentation a 70ºC was found (Rodríguez et al., 2002) . Inoculants that showed highest cellulolytic activity were 701.4 U L -1 with fungi, at 104 h (4 x 10 6 CFU mL -1 ), followed by actinomycetes with 668,1 U L -1 at 82 h (3 x 10 6 CFU mL -1 ) and bacteria with 233.2 U L -1 at 32 h (2 x 10 12 UFC mL -1 ). These results demonstrate cellulolytic capacity of fungi and actinomycetes, which are renowned as good decaying agents particularly of complex substrates (Khalid et al., 2006; Chen-Chin et al., 2009) . Cellulolytic activity obtained with bacterial inocula was lower, compared with amylolytic activity. However the presence of the two enzymatic systems is a competitive advantage for residue degradation; it has been found also that the bacterial cellulolytic enzymes promote amylase activity due to starch-to-glucose hydrolysis increase (Apun et al., 2000) . Maximum value obtained with actinomycetes in this study is higher compared with Ramírez and Coha study (2003) of 330 UI L -1 in exoglucanases. All microbial enzymatic test counts demonstrate that the activity is associated with biomass formation, since its higher concentration occurred with maximum enzymatic activity (Rua et al., 1997) .
Water hyacinth and Brazilian elodea composting
Treatment T2 was the one with less duration, followed by T3, T4, T5 and T1. In T2, the process was reduced 10 days compared with control T5 (Table 2) . Several studies have found reduction up to half time in the composting process of municipality residues using microbial inoculants (Ichida et al., 2001; Cariello et al., 2007) . During decomposition process, T1 showed rainy water infiltration through the plastic container 15 days after experiment setting, which increased humidity to 85%. Even though turnover was done twice a week to lower water content, this event possibly affected composting duration. High humidity percentage produces low efficacy in degradation process due to the absence of a true thermophilic phase in the upper and medium layers of the pile (Luo et al., 2008) and by limiting oxygen content, degradation takes longer (Kroner et al., 2002) . At the beginning of composting humidity averaged 75%, with no bad odor. At the end of the process, high humidity levels persisted (> 65%, see Table 2 ), which made necessary to spread all the piles and turn them over every three days, to obtain values less than 35%, according to the guideline for organic fertilizers (NTC 5167, Instituto Colombiano de Normas Técnicas y Certificación, ICONTEC, 2004) . For composting with fiber materials, like water hyacinth, humidity ranks between 75% and 85% beginning the process are allowed (Colom, 2001; Hargreaves, 2003) . The high humidity percentage and the lower-than-1 m 3 pile size, could cause low ability to reach temperatures of 55ºC or higher during more than two days. This could be due to the incapacity at those systems to reach an adequate balance between the heat generated by microorganisms and that loss by conduction, convection and radiation (Cornell Waste Management Institute, 2000; Colom, 2001) . The pile size used in this research is intended for demonstrative or exploratory studies so it is not recommended for industrial purposes, because bulk with lower-than-2 m 2 bases exhibit sharp fluctuations. The highest temperature obtained during composting was observed in T2 with a 56°C average and the lowest value with a less than 50°C en T5, (Figure 2 ). T2 maintained temperatures equal or higher than 55°C during two days (Figure 2) , complying with the Canadian standards for the type B compost; which requires 40°C during 5 days with an increase up to 55°C for at least 4 h (Ge et al., 2006) . However; compared with standards of Chile, Australia and Canada for compost type AA and A, it did not comply with the required time, since these countries recommend that if the piling-with-manual turn-over systems is used, temperature must be higher or equal to 55ºC during at least 72 h, to obtain reduction of pathogens (Comisión Nacional del Medio Ambiente, Chile, 2000; Hogg et al., 2002; Ge et al., 2006) . Despite of temperatures over 55ºC were kept only for 48 h in T2, E. coli was within the required ranks, and there was absence of Salmonella sp. (Table 2 ). Temperature and inoculated microorganisms, favored elimination of human pathogens, in contrast with the piles with sterile natural substrate (T4) and those non-inoculated (T5), in which E. coli populations were higher; besides in T5 suspicious of Salmonella sp., colonies occurred (Table 2) Temperature rise beyond 50ºC in most treatment, high production of microbial biomass and lack of bad odors in this study, indicate that the prepared compound mixtures had appropriate carbon and nitrogen content, which allowed a fast use of these nutrients by the microorganisms in protein synthesis and energy obtaining for cellular division (Martínez-Nieto, 2006; Cariello et al., 2007; Abaunza et al., 2008) . At the end of the process, C:N ration fell to 12:1 approximately for all treatments, but for control T5 that was 9:1; this trend was according Colombian and international quality standards, that have established ratios lower than 25:1 (Hogg et al., 2002; ICONTEC, 2004; Ge et al., 2006) . For some authors, a compost to be incorporated to the soil must not have a C:N ratio below 10:1; to avoid high ammonia concentrations, which are generally phytotoxic (Bio-Logic Environmental System, 2001; Samudro and Hermana, 2007) .
Parameters such as organic material reduction percentage, foreign matter, total coliformes, Salmonella sp. And phytotoxicity in radish, are found in the interval required in quality standard; except treatment T5, which showed two Salmonella sp. suspicious colonies and treatment T1, with a radish germination percentage below 90% (Table 2) . Heavy metal content was not determined in this study. Previous research analyzed these elements concentrations in Water hyacinth, Brazilian elodea, bean pods and the compost from these compounds, obtaining in all cases concentrations below the allowed limit (Martínez-Nieto, 2004) .
Considering all evaluated parameters and based on Colombian, Chilean, Canadian and Australian Standards (Comisión Nacional del Medio Ambiente del Gobierno from Chile, 2000; Hogg et al., 2002; ICONTEC, 2004; Ge et al., 2006) the treatment with best results was T2; thus, T2 was chosen for the in vivo assay.
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In vivo assay to determine the plant growth-stimulating ability Soil inoculated with actinomycetes produced radishes with higher foliar area and weight, bulb formation percentage despues si sigue and foliar nitrogen content (Table 3) . On foliar area, actinomycetes and bacteria treatment, did not show significant differences related to treatments added with chicken manure and peat. The growth longitudinal of radish in actinomycetes, fungi (lower foliar area average), peat at 50% and chicken manure at 33% treatments, it is shown in figure 3 . Related to foliar biomass, treatments with higher averages and with no significant differences among them were: soil plus actinomycetes, chicken manure at 33%, compost at 50%, bacteria and peat 50% (Table 3) . Only in soil with actinomycetes maximum (100%) bulb formation was obtained. In other treatments percentages were lower. Average weight in bulb with chicken manure was of highest value, although with 50% bulb formation. Analysis of variance did not show significant differences among treatments related bulb formation percentage (P = 0.7288), but differences were detected on bulb weight (P = 0.0141) ( Table 3) . Actinomycetes treatment showed the highest nitrogen assimilation percentage and third percentage of this element loss in soil, while the mixture compost-soil showed the lowest nitrogen loss with 8.5% assimilation. Soil fertilized with chicken manure showed the highest nitrogen loss with second in assimilation (Table 4) , followed by treatment with bacteria. These results give an approximation of percentage of mineralized nitrogen assimilated by plants, and are of relevance since a healthier and more fertile soil is that in which the highest percentage of mineralized nitrogen from organic matter is absorbed by plants ( Orozco-Jaramillo and Martínez-Nieto, 2009 ).
Obtained results show that bacteria and actinomycetes used in this research play an important role in nitrogen flux and plant growth promotion. Cummings et al. (2006) and Orozco-Jaramillo and Martínez-Nieto (2009) observed that inoculation of nitrogen fixing bacteria, use alone or in mixtures, increased nutrient recovering by the plant, reducing the gas loss of nitrogen fertilizers in the soil. Many microorganisms used in this study are reported as nitrogen fixers, phosphate solubilizing agents and plant growth stimulators due to the production of substances excreted to the media, among which are found phytohormones, vitamins, phospholipids, antibiotics and siderophores, among others (Páez et al., 2005; Urrego et al., 2006; OrozcoJaramillo and Martínez-Nieto, 2009; Chen-Chin et al., 2009) .
In the treatments with compost could be observed the lower nitrogen loss with 
d
The amount of substrate was 300 g according to treatment. (Table 4) .
Some researchers when adding compost to the soil, observed initial immobilization of nitrogen followed by strong mineralization of this element. This phenomenon occurred between week 2 and 8 after compost was added, depending on soil type. Nitrate loss due to lixiviation is low compared with the amount of nitrogen added to the soil (Burgos et al., 2006; Deenik, 2006) . Another factor that could influence nitrogen absorption, when 100% compost was used as substrate, is electric conductivity, that was high according to Martínez-Nieto (2004) (13.6-19 .1 dSm -1 ), not allowing a good water and nutrient absorption, mainly in sensible-to-salinity plants like vegetables (Sullivan and Miller, 2004; De Gracia et al., 2006) .
Plants grown in the mixture soilcompost (1:1) exhibit best records of all plant parameters compared with those grown in only-compost; this case did not show significant differences with treatments of higher averages in aerial biomass and nitrogen foliar (Table 3) , according to Ozores-Haptom and Asmad reports (2010), who found negative results in vegetable growth when substrate was 100% compost; specially if it contained high values of soluble salts or if compost was still unstable. Best results were attained when peat was partially replaced by compost between 18% and 52%.
It is important to compare results in compost with those in peat; the latter substrate is the most used material in plantings for the Horticulture Industry (De Gracia et al., 2006) . Treatment with 50% compost, did not show significant differences in most plant parameters, with plants grown in 50% peat, with the exception of foliar area (Table 3) ; this results coincide with those found for different vegetables produced at industrial scale in compost mixed with soil or other substrates, by replacing peat and vermiculite (De Gracia et al., 2006; Ozores-Haptom and Asmad, 2010) .
CONCLUSIONS
Microbial inoculants role for growth, development and nutrients assimilation in radish, was evident, and also for accelerating polluting macrophytes composting process as for the case of Water hyacinth and Brazilian elodea. This due to a high enzymatic activity and probably nitrogen fixation, phosphorous solubilization or production of plant growth stimulating substances or antibiotics, promoted in the substrates by the introduced microorganisms. 
